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(54) METHOD FOR PRODUCING OPTICALLY ACTIVE DIAMINE DERIVATIVE

(57) The problem to be solved is to provide an important intermediate for production of an FXa inhibitor. The solution
thereto is a method for industrially producing a compound (1) or a compound (4), comprising: [Step 1]: adding a quaternary
ammonium salt and a metal azide salt to water to prepare an aqueous solution of an azidification reagent complex
comprising quaternary ammonium salt-metal azide salt, and subsequently dehydrating the aqueous solution using an
aromatic hydrocarbon solvent to form a mixed solution of the azidification reagent complex comprising quaternary
ammonium salt-metal azide salt and the aromatic hydrocarbon solvent with a water content of 0.2% or less; and [Step
2]: adding, to the mixed solution prepared in [Step 1], a compound (2) wherein L represents a leaving group.
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Description

Technical Field

[0001] The present invention relates to a method for industrially producing an optically active diamine derivative that
is important for production of a compound (A) shown below as an activated blood coagulation factor X (FXa) inhibitor
or a pharmacologically acceptable salt thereof, or a hydrate thereof.

Background Art

[0002] Compound (A) or a pharmacologically acceptable salt thereof, or a hydrate thereof is a compound that exhibits
an FXa inhibitory effect, as disclosed in Patent Literatures 1 to 3, and is useful as preventive and/or therapeutic drugs
for thrombotic and/or embolic diseases.
[0003]

[0004] The pamphlet of International Publication No. WO 2007/032498 discloses a method for producing compound
(A) using an azide derivative compound (1) and an optically active diamine derivative compound (3) as production
intermediates. This pamphlet discloses a method comprising treating a compound (2a) with sodium azide and 1-do-
decylpyridinium chloride in an amide solvent such as N,N-dimethylacetamide (DMAC) to produce compound (1).
[0005]

[0006] wherein Boc represents a tert-butoxycarbonyl group; and Ms represents a methanesulfonyl group.

Citation List

Patent Literatures

[0007]
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Patent Literature 1: International Publication No. WO 2004/058715
Patent Literature 2: International Publication No. WO 2003/016302
Patent Literature 3: International Publication No. WO 2003/000680
Patent Literature 4: International Publication No. WO 2007/032498

Summary of Invention

Technical Problem

[0008] The method for producing compound (1), an optically active azide derivative, disclosed in the pamphlet of
International Publication No. WO 2007/032498 results in yields as low as 30% or less. This method although using a
reduced amount of a dangerous reagent, the metal azide salt, may be available on an industrial scale as long as its yield
can be improved. Moreover, the highly polar amide solvent used as a reaction solvent in the conventional method is
probably responsible for reduction in yield caused by loss of the product compound (1) during extraction.
[0009] Thus, an object of the present invention is to solve these problems and to provide a novel method for industrially
producing compound (1) that is an important synthetic intermediate for production of compound (A).
[0010] The present inventors have conducted diligent studies over the years with the aim of improving the yield of
compound (1).
[0011] As a result, the present inventors have completed the present invention by finding that the yield of compound
(1) is drastically improved by dissolving a quaternary ammonium salt and a metal azide salt in water to prepare an
aqueous solution of an azidification reagent complex comprising quaternary ammonium salt-metal azide salt, subse-
quently subjecting the aqueous solution of the azidification reagent complex to azeotropic dehydration using an aromatic
hydrocarbon solvent to prepare a mixed solution of the azidification reagent complex and the aromatic hydrocarbon
solvent with a water content of 0.2% or less, and treating this mixed solution with a compound (2).
[0012]

[0013] wherein Boc is as defined above; and L represents a leaving group, wherein the leaving group represents a
(C1 to C2 alkyl)sulfonyloxy group (wherein the C1 to C2 alkyl group may have one or more identical or different halogeno
groups as substituents) or a benzenesulfonyloxy group (wherein the benzene ring may have one or more identical or
different groups as substituents selected from a halogeno group, a methyl group, and a nitro group).

Solution to Problem

[0014] The present invention provides (1) to (21) shown below.

(1) A method for producing a compound (1) represented by the following formula:

[0015]
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[0016] wherein Boc represents a tert-butoxycarbonyl group, the method comprising:

[Step 1]: adding a quaternary ammonium salt and a metal azide salt to water to prepare an aqueous solution of an
azidification reagent complex comprising quaternary ammonium salt-metal azide salt, and
subsequently dehydrating the aqueous solution using an aromatic hydrocarbon solvent
to form a mixed solution of the azidification reagent complex comprising quaternary ammonium salt-metal azide
salt and the aromatic hydrocarbon solvent with a water content of 0.2% or less; and
[Step 2]: adding, to the mixed solution prepared in [Step 1], a compound (2) represented by the following formula:

[0017]

[0018] wherein Boc is as defined above; and L represents a leaving group, wherein the leaving group represents a
(C1 to C2 alkyl)sulfonyloxy group (wherein the C1 to C2 alkyl group may have one or more identical or different halogeno
groups as substituents) or a benzenesulfonyloxy group (wherein the benzene ring may have one or more identical or
different groups as substituents selected from a halogeno group, a methyl group, and a nitro group).

(2) The production method according to (1), wherein L is a methanesulfonyloxy group or an ethanesulfonyloxy group.
(3) The production method according to (1), wherein L is a methanesulfonyloxy group.
(4) The production method according to any one of (1) to (3), wherein the quaternary ammonium salt is a pyridinium
salt.
(5) The production method according to any one of (1) to (3), wherein the quaternary ammonium salt is a 1-(C1 to
C20 alkyl)pyridinium salt.
(6) The production method according to any one of (1) to (3), wherein the quaternary ammonium salt is a 1-do-
decylpyridinium salt.
(7) The production method according to any one of (1) to (3), wherein the quaternary ammonium salt is 1-dodecylpy-
ridinium chloride.
(8) The production method according to any one of (1) to (7), wherein the amount of the quaternary ammonium salt
used is stoichiometrically in the range of 0.45 to 0.55 molar equivalent with respect to compound (2).
(9) The production method according to any one of (1) to (8), wherein the metal azide salt is sodium azide or lithium
azide.
(10) The production method according to any one of (1) to (9), wherein the amount of the metal azide salt used is
stoichiometrically in the range of 1.8 to 2.2 molar equivalents with respect to compound (2).
(11) The production method according to any one of (1) to (10), wherein the aromatic hydrocarbon solvent is one
selected from benzene, toluene, xylene, chlorobenzene, and dichlorobenzene or a mixed solvent of two or more
thereof.
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(12) The production method according to any one of (1) to (10), wherein the aromatic hydrocarbon solvent is toluene.
(13) The production method according to (1), wherein the preparation of the aqueous solution of the azidification
reagent complex is performed by adding a quaternary ammonium salt and a metal azide salt to water and then
stirring the mixture at an internal temperature of 20 to 40°C.
(14) The production method according to (13), wherein the stirring is performed for 0.5 hour or longer.
(15) The production method according to (1), wherein the dehydration is azeotropic dehydration using the aromatic
hydrocarbon solvent.
(16) The production method according to (15), wherein the azeotropic dehydration is performed by adding dropwise
the aqueous solution of the azidification reagent complex to the aromatic hydrocarbon solvent under heating.
(17) The production method according to (1), wherein
[Step 1] comprises
adding the quaternary ammonium salt and the metal azide salt to water and stirring the mixture at an internal
temperature of 20 to 40°C for 0.5 hour or longer to prepare the aqueous solution of the azidification reagent complex
comprising quaternary ammonium salt-metal azide salt, and
subsequently performing azeotropic dehydration by adding dropwise the aqueous solution to the aromatic hydro-
carbon solvent under heating
to prepare a mixed solution of the azidification reagent complex and the aromatic hydrocarbon solvent with a water
content of 0.2% or less.
(18) A method for producing a compound (4) represented by the following formula:

[0019]

the method comprising the steps of:
reducing compound (1) produced by the production method according to (1):
[0020]

[0021] wherein Boc is as defined above,
to obtain a compound (3) represented by the following formula or a salt thereof, or a solvate thereof:
[0022]



EP 2 407 450 A1

6

5

10

15

20

25

30

35

40

45

50

55

[0023] wherein Boc is as defined above; and treating compound (3) with oxalic acid to obtain compound (4) .
[0024] (19) The method for producing a compound (1) represented by the following formula according to (1):
[0025]

[0026] wherein Boc is as defined above,
wherein compound (1) is used as a synthetic intermediate for production of a compound (A-a) represented by the
following formula:
[0027]

[0028] (20) A method for producing a compound (A-a) represented by the following formula:
[0029]
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comprising using compound (1) produced by the production method according to (1).
[0030] (21) A method for producing a compound (A-a) represented by the following formula:
[0031]

[0032] comprising using compound (1) produced by the production method according to (1):
the method comprising the steps of:
reducing compound (1) represented by the following formula:
[0033]

[0034] wherein Boc is as defined above,
to obtain a compound (3) represented by the following formula or a salt thereof, or a solvate thereof:
[0035]
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[0036] wherein Boc is as defined above;
treating compound (3) or the salt thereof, or the solvate thereof with oxalic acid to obtain a compound (4) represented
by the following formula:
[0037]

[0038]  wherein Boc is as defined above;
treating compound (4) with a compound (7) represented by the following formula:
[0039]

in the presence of a base to obtain a compound (8) represented by the following formula:
[0040]
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[0041] wherein Boc is as defined above;
deprotecting a Boc group in compound (8) to obtain a compound (9) represented by the following formula or a salt thereof:
[0042]

[0043] condensing compound (9) or the salt thereof with a compound (10) represented by the following formula:
[0044]

to obtain a compound (A) represented by the following formula:
[0045]
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[0046] and
treating compound (A) with p-toluenesulfonic acid or a hydrate thereof to obtain compound (A-a).

Advantageous Effects of Invention

[0047] The present invention is useful because optically active azide derivative compound (1) that is an intermediate
for production of compound (A) known as an FXa inhibitor can be obtained at a yield of 71 to 75%. Specifically, the
production method of the present invention is useful because the yield can be improved drastically compared with the
conventional method. Thus, the production method of the present invention is useful as a method for producing compound
(A) useful as an FXa inhibitor.

Description of Embodiments

[0048] Hereinafter, the present invention will be described in detail.
[0049] A halogeno group according to the present invention means a fluoro, chloro, or bromo group.
[0050] A C1 to C20 alkyl group according to the present invention means a linear or branched alkyl group having 1
to 20 carbon atoms. Examples thereof can include methyl, ethyl, n-propyl, isopropyl, n-butyl, pentyl, hexyl, heptyl, octyl,
nonyl, decyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl, and icosyl groups.
[0051] A specific FXa inhibitor according to the present specification is preferably, for example, compound (A) described
above. Compound (A) may be a free form (free base) or a hydrate thereof or may be a pharmacologically acceptable
salt or a hydrate of the salt.
[0052]  Examples of the salt of compound (A) include hydrochloride, sulfate, hydrobromide, hydroiodide, phosphate,
nitrate, benzoate, methanesulfonate, 2-hydroxyethanesulfonate, p-toluenesulfonate, acetate, propanoate, oxalate,
malonate, succinate, glutarate, adipate, tartrate, maleate, fumarate, malate, and mandelate.
[0053] The salt of compound (A) is preferably hydrochloride or p-toluenesulfonate,
particularly preferably p-toluenesulfonate.
[0054] Compound (A) or a salt thereof, or a hydrate thereof is preferably
N1-(5-chloropyridin-2-yl)-N2-((1S,2R,4S)-4-[(dimethylamino)carbonyl]-2-{[(5-methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]
pyridin-2-yl)carbonyl]amino}cyclohexyl)ethanediamide; N1-(5-chloropyridin-2-yl)-N2-((1S,2R,4S)-4-[(dimethylamino)
carbonyl]-2-{[(5-methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridin-2-yl)carbonyl]amino}cyclohexyl)ethanediamide hydro-
chloride; N1-(5-chloropyridin-2-yl)-N2-((1S,2R,4S)-4-[(dimethylamino)carbonyl]-2-{[(5-methyl-4,5,6,7-tetrahydrothiazo-
lo[5,4-c]pyridin-2-yl)carbonyl]amino}cyclohexyl)ethanediamide mono-p-toluenesulfonate; or N1-(5-chloropyridin-2-
yl)-N2-((1S,2R,4S)-4-[(dimethylamino)carbonyl]-2-{[(5-methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridin-2-yl)carbonyl]
amino}cyclohexyl)ethanediamide mono-p-toluenesulfonate monohydrate, particularly preferably N1-(5-chloropyridin-2-
yl)-N2-((1S,2R,4S)-4-[(dimethylamino)carbonyl]-2-{[(5-methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridin-2-yl)carbonyl]
amino}cyclohexyl)ethanediamide mono-p-toluenesulfonate monohydrate (A-a).
[0055]



EP 2 407 450 A1

11

5

10

15

20

25

30

35

40

45

50

55

[0056] Hereinafter, the production method of the present invention will be described in detail.
[0057] The optically active azide derivative compound (1) of the present invention can be produced from compound
(2) by the following [Step 1] and [Step 2]:
[0058]

[0059] wherein Boc and L are as defined above. The production method of the present invention comprises:

[Step 1]: adding a quaternary ammonium salt and a metal azide salt to water to prepare an aqueous solution of an
azidification reagent complex comprising quaternary ammonium salt-metal azide salt, and
subsequently dehydrating the aqueous solution using an aromatic hydrocarbon solvent
to form a mixed solution of the azidification reagent complex comprising quaternary ammonium salt-metal azide
salt and the aromatic hydrocarbon solvent with a water content of 0.2% or less; and
[Step 2]: adding, to the mixed solution prepared in [Step 1], a compound (2):

[0060]
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[0061] After the completion of the reaction, the reaction mixture of [Step 2] is treated with an aqueous alkali solution
as a usual work-up procedure, followed by extraction with an aromatic hydrocarbon solvent and washing of the extracts
with water to obtain compound (1).
[0062] The leaving group represented by L in compound (2) according to the present invention is preferably a (C1 to
C2 alkyl)sulfonyloxy group (wherein the C1 to C2 alkyl group may have one or more identical or different halogeno
groups as substituents) and a benzenesulfonyloxy group (wherein the benzene ring may have one or more identical or
different groups as substituents selected from a halogeno group, a methyl group, and a nitro group), more preferably a
methanesulfonyloxy, ethanesulfonyloxy, trifluoromethanesulfonyloxy, 2-chloroethanesulfonyloxy, benzenesulfonyloxy,
p-toluenesulfonyloxy, 4-chlorobenzenesulfonyloxy, 2-chlorobenzenesulfonyloxy, 4-nitrobenzenesulfonyloxy, or 2-ni-
trobenzenesulfonyloxy group.
[0063]  L is even more preferably a methanesulfonyloxy or ethanesulfonyloxy group, particularly preferably a meth-
anesulfonyloxy group.
[0064] Preferable examples of the quaternary ammonium salt according to the present invention can include quaternary
ammonium salts of alkylamines, and pyridinium salts. In this context, examples of the quaternary ammonium salts of
alkylamines include tetramethylammonium chloride, tetrabutylammonium chloride, trioctylmethylammonium chloride,
benzyltrimethylammonium chloride, and benzyltributylammonium chloride, and those in which chloride ions in these
salts are substituted by other anions (e.g., bromide, iodide, and bisulfate ions). Examples of the pyridinium salts can
include: N-alkylpyridinium chlorides such as N-butylpyridinium chloride, N-hexylpyridinium chloride, N-octylpyridinium
chloride, N-dodecylpyridinium chloride (N-laurylpyridinium chloride), and N-cetylpyridinium chloride; N-alkylpicolinium
chlorides such as N-lauryl-2-picolinium chloride, N-cetyl-2-picolinium chloride, N-lauryl-3-picolinium chloride, N-cetyl-3-
picolinium chloride, N-lauryl-4-picolinium chloride, and N-cetyl-4-picolinium chloride; N-alkyl-4-phenylpropylpyridinium
chlorides such as N-butyl-4-phenylpropylpyridinium chloride, N-hexyl-4-phenylpropylpyridinium chloride, N-octyl-4-phe-
nylpropylpyridinium chloride, and N-lauryl-4-phenylpropylpyridinium chloride; and those in which chloride ions in these
salts are substituted by other anions (e.g., bromide, iodide, and bisulfate ions).
[0065] The quaternary ammonium salt according to the present invention is preferably a pyridinium salt, more preferably
a 1-(C4 to C20 alkyl)pyridinium salt.
The 1-(C4 to C20 alkyl)pyridinium salt is preferably a 1-dodecylpyridinium salt, more preferably a 1-(C4 to C20 alkyl)
pyridinium halide, particularly preferably 1-dodecylpyridinium chloride (also known as 1-laurylpyridinium chloride).
[0066] The amount of the quaternary ammonium salt used in [Step 1] of the present invention is preferably 0.45 to
0.55 molar equivalent with respect to compound (2). The quaternary ammonium salt can be used in an amount of 0.55
molar equivalent or more with respect to compound (2). Since the quaternary ammonium salt is a phase-transfer catalyst,
a possible loss may occur during extraction procedures. Thus, the amount of the quaternary ammonium salt used is
more preferably approximately 0.5 molar equivalent with respect to compound (2).
[0067] The metal azide salt used in [Step 1] of the present invention is preferably an alkali metal azide salt, more
preferably sodium azide or lithium azide, particularly preferably sodium azide.
[0068]  The amount of the metal azide salt used is preferably in the range of 1.8 to 2.2 molar equivalents, more
preferably approximately 2.0 molar equivalents, with respect to compound (2), though the amount is not limited to this
range in any way.
[0069] The amount of water used for preparing an azidification reagent complex from the quaternary ammonium salt
and the metal azide salt is preferably in the range of 1 to 2 parts by volume [1 to 2 (v/w)], more preferably approximately
1.0 part by volume [1.0 (v/w)], with respect to 1 part by weight of the compound (2), though the amount is not limited to
this range in any way. Water used as a solvent is preferably used in a small amount for removing it by the subsequent
azeotropic dehydration procedure, as long as it does not impair the preparation of the azidification reagent complex.
[0070] The temperature for preparing the azidification reagent complex in [Step 1] may be room temperature and is
preferably in the range of 20 to 40°C. The stirring time for preparing the azidification reagent complex in [Step 1] is
preferably 0.5 hour or longer, more preferably in the range of 0.5 to 1.5 hours, though the stirring time is not limited to
this range in any way.
[0071] Dehydration in [Step 1] means azeotropic dehydration using an organic solvent for azeotropy of water and is
preferably azeotropic dehydration using an aromatic hydrocarbon solvent.
[0072] Dehydration in the present invention means azeotropic dehydration using an organic solvent known for aze-
otropy of water and is preferably azeotropic dehydration under heating using an aromatic hydrocarbon solvent. In the
azeotropic dehydration, water removal apparatus may be used. Examples of water removal apparatus can include, but
are not limited to in any way, a Dean-Stark water trap.
[0073] The azeotropic dehydration in the present invention can be performed by removing water in the mixed solution
of the aqueous solution of the azidification reagent complex and the aromatic hydrocarbon solvent by azeotropy and
may be performed by gradually adding dropwise the aqueous solution of the azidification reagent complex to the aromatic
hydrocarbon solvent under heating.
[0074] In this context, the temperature for performing the azeotropic dehydration must be a temperature equal to or
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higher than the boiling point of the aromatic hydrocarbon solvent used, under normal pressure. In the azeotropic dehy-
dration, a high-boiling solvent generally offers a high dehydration effect but however, requires preventing decomposition
of the prepared azidification reagent complex. Alternatively, azeotropic dehydration under reduced pressure can be
carried out at a temperature equal to or lower than the boiling point of the aromatic hydrocarbon solvent used. Since the
prepared azidification reagent complex is a mixture of salts, this is preferred to prevent soap-like foaming in the organic
solvent. The aromatic hydrocarbon solvent is distilled off together with water by this azeotropic dehydration, decreasing
the solvent in the reaction system. However, the reaction system can be replenished appropriately with aromatic hydro-
carbon solvent.
[0075] The aromatic hydrocarbon solvent according to the present invention is preferably benzene, toluene, xylene,
chlorobenzene, or dichlorobenzene. These solvents may be used alone (one thereof) or as a mixed solvent in which
two or more thereof are mixed. The aromatic hydrocarbon solvent is more preferably toluene.
[0076] The amount of the aromatic hydrocarbon solvent used is preferably approximately 5 parts by volume with
respect to 1 part by weight of compound (2) [1 to 2 (v/w)], though the amount is not limited thereto in any way. In [Step
1], the water content is preferably set to 0.2% or less, more preferably 0.1% or less.
[0077] The azeotropic dehydration in [Step 1] is preferably performed by gradually adding dropwise the aqueous
solution of the azidification reagent complex to the aromatic hydrocarbon solvent under heating, more preferably under
reduced pressure, for preventing foaming.
[0078] Hereinafter, a preferred embodiment of [Step 1] in the present invention will be described.
A quaternary ammonium salt at 0.5 molar equivalent with respect to compound (2) and a metal azide salt at 2 molar
equivalents with respect to compound (2) are added to water at 1 part by volume with respect to 1 part by weight of
compound (2) [1 (v/w)], and the mixture is stirred for 1 hour to prepare an aqueous solution of an azidification reagent
complex.
Subsequently, the aqueous solution of the azidification reagent complex is added dropwise, with care to avoid foaming,
into toluene at 5 parts by volume with respect to 1 part by weight of compound (2) [5
(v/w)] (toluene is heated in advance to an internal temperature of 40 to 60°C). Water is dehydrated by azeotropy under
reduced pressure.
In the azeotropic dehydration, a Dean-Stark water trap or the like may be used appropriately.
After completion of the dropwise addition of the aqueous solution of the azidification reagent complex, the water content
in the mixed solution is confirmed to be 0.2% or less, preferably 0.1% or less, and then, toluene is added thereto at 5
parts by volume with respect to 1 part by weight of compound (2) [5 (v/w)].
The thus-prepared mixed solution of the azidification reagent complex and the aromatic hydrocarbon solvent with a
water content of 0.2% or less has been confirmed to have a small risk of explosion.
[0079] [Step 2] in the present invention is the step of adding a compound represented by the following formula (2) :
[0080]

[0081] wherein L and Boc are as defined above,
to the mixed solution prepared in [Step 1] and treating the mixture under heating.
[0082] The temperature and the stirring time in [Step 2] are preferably 69 to 71°C in terms of the internal temperature
of the reaction mixture and within 18 hours.
The conventional method requires adjusting the reaction temperature to 60 to 63°C in terms of the internal temperature,
for preventing compound (2) from being decomposed due to water in the reaction solvent. However, at this temperature,
approximately 36 hours are necessary as a reaction time.
In the present invention, it was demonstrated that even at a reaction temperature raised to 69 to 71°C in terms of the
internal temperature, decomposition of compound (2) can be prevented by adjusting the water content in the mixed
solution of the azidification reagent complex and the aromatic hydrocarbon solvent to 0.2% or less, more preferably
0.1% or less.
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The criterion for determining the endpoint of the reaction is preferably a compound (2) residual rate of 2% or less in
terms of an area ratio obtained using HPLC.
[0083] The work-up procedure after completion of the reaction in the present invention is preferably an aqueous alkali
solution treatment of the mixed solution obtained in [Step 2].
[0084] The aqueous alkali solution according to the present invention means an aqueous solution of the hydroxide,
carbonate, or bicarbonate, or the like of an alkali metal or an alkaline earth metal. Any of these aqueous alkali solutions
can be used as saturated aqueous solutions or at lower concentrations as long as they neither decompose products or
the like nor impair procedures such as extraction procedures. The aqueous alkali solution according to the present
invention is preferably an aqueous sodium hydroxide solution, an aqueous potassium hydroxide solution, an aqueous
sodium carbonate solution, an aqueous potassium carbonate solution, an aqueous sodium bicarbonate solution, or an
aqueous potassium bicarbonate solution, more preferably an aqueous sodium bicarbonate solution or an aqueous
potassium bicarbonate solution.
[0085] After completion of [Step 2] in the present invention, the reaction mixture is preferably allowed to cool and
washed with an aqueous alkali solution, followed by extraction with an aromatic hydrocarbon solvent under heating. In
this context, the phrase "allowed to cool" means that the reaction solution after completion of the reaction is cooled to
room temperature in terms of its internal temperature. The aqueous alkali solution exemplified above can be used as
the aqueous alkali solution. Preferable examples of the aqueous alkali solution can include 5% aqueous bicarbonate
solutions. The amount of the aqueous alkali solution used is preferably 5 parts by volume with respect to 1 part by weight
of compound (2) [5 (v/w)]. The washing is performed by adding the aqueous alkali solution thereto, then stirring the
mixed solution, and separating the aqueous layer as the lower layer by still standing. The extraction with toluene under
heating is the procedure of adding toluene to the separated aqueous layer and separating the toluene layer as the upper
layer. This extraction procedure may be repeated. The heating temperature in the extraction procedure is preferably
approximately 40°C. The amount of toluene used in the extraction is preferably approximately 2 parts by volume with
respect to 1 part by weight of compound (2) [2 (v/w)]. The layer separated by the previous washing with the alkali solution
and the extracted toluene layer are combined and used as toluene extracts of compound (2).
[0086] The toluene extracts can be washed with water to prepare a solution of compound (1) in the aromatic hydrocarbon
solvent. In this context, the amount of water used in the washing with water is preferably approximately 1.5 parts by
volume with respect to 1 part by weight of compound (2) [1.5 (v/w)]. The washing temperature with water is preferably
approximately 40°C. The toluene layer is separated and used as a solution of compound (1) in toluene.
[0087] Compound (2a) wherein the leaving group L in compound (2) used in [Step 2] is a methanesulfonyloxy group
can be produced, for example, as shown in [Scheme 1] shown below. Specific examples of the production can include
a method described in Reference Example 1.
[0088] Specifically, compound (2a) can be produced by producing a compound (6) from a compound (5) and meth-
anesulfonylating this compound (6). Compound (5) can be produced by a method described in WO 2007/032498.
[0089]

[0090] wherein Boc and Ms are as defined above.
The present invention also provides a method for producing a compound (4) represented by the following formula:
[0091]
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[0092] wherein Boc is as defined above, the method comprising the steps of:
concentrating the aromatic hydrocarbon solvent in the solvent solution of compound (1) represented by the following
formula:
[0093]

[0094] wherein Boc is as defined above,
obtained in the present invention, dissolving the obtained residue in an alcohol solvent, and then performing a reduction
reaction of the azide group to obtain a compound (3) represented by the following formula or a salt thereof, or a solvate
thereof:
[0095]

[0096] wherein Boc is as defined above; and
treating compound (3) or the salt thereof, or the solvate thereof with oxalic acid to obtain compound (4).
Examples of methods for producing an FXa inhibitor (A-a) in the same way as in the production methods disclosed in
Patent Literature 1 or 3 using compound (1) of the present invention can include methods shown in the following schemes
and Reference Examples:
[0097]
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[0098] wherein Boc is as defined above.
[0099]
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[0100] wherein Boc is as defined above.

Examples

[0101] Next, the present invention will be described in detail with reference to the Reference Examples and Examples.
However, the present invention is not intended to be limited to these in any way.
[0102]  Tetramethylsilane was used as the internal standard for the nuclear magnetic resonance (NMR) spectra.
Abbreviations showing multiplicity represent s=singlet, d=doublet, t=triplet, q=quartet, m=multiplet, and brs=broad singlet.
[0103] (Reference Example 1) (1R,2R,4S)-2-[(tert-butoxycarbonyl)amino]-4-[(dimethylamino)carbonyl]cyclohexyl-
methanesulfonate (2a)
[0104]
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[0105] wherein Boc represents a tert-butoxycarbonyl group; and Ms represents a methanesulfonyl group.
[Step 1] Synthesis of tert-butyl {(1R,2R,5S)-5-[(dimethylamino)carbonyl]-2-hydroxycyclohexylcarbonyl}carbamate (6)
[0106]

[0107] wherein Boc is as defined above.
A 28% aqueous ammonia solution (5 ml) was added to (1S,3S,6R)-N,N-dimethyl-7-oxabicyclo[4.1.0]heptane-3-carbox-
amide (5) (1 g) at room temperature. The mixed solution was stirred at 40°C for hours, and then, the solvent was
concentrated under reduced pressure to obtain (1S,3R,4R)-3-amino-4-hydroxy-N,N-dimethylcyclohexanecarboxamide
(1.18 g).
[0108] The obtained (1S,3R,4R)-3-amino-4-hydroxy-N,N-dimethylcyclohexanecarboxamide (1.18 g) was dissolved in
water (5 ml). To the solution, di-tert-butyl dicarbonate (1.93 g) and a 10 N aqueous sodium hydroxide solution (1.5 ml)
were then added at room temperature. The reaction mixture was stirred at 40°C for 2 hours and then subjected to
extraction with 4-methyl-2-pentanone (MIBK) (5 ml) three times, and the solvent in the extracts was distilled off under
reduced pressure. To the residue, 4-methyl-2-pentanone (MIBK) (3 ml) was added, and the mixture was stirred at room
temperature. The precipitated crystals were collected by filtration and dried to obtain the title compound (6) (1.26 g).
1H-NMR (CDCl3) δ: 1.44 (9H, s), 1.48-1.59 (2H, m), 1.77-1.78 (2H, m), 1.86-1.97 (1H, m), 2.11-2.17 (1H, m), 2.78-2.83
(1H, m), 2.92 (3H, s), 3.02 (3H, s), 3.53-3.60 (1H, m), 3.94 (1H, br.s), 4.52-4.68 (1H, m).
[Step 2] Synthesis of (1R,2R,4S)-2-[(tert-butoxycarbonyl)amino]-4-[(dimethylamino)carbonyl]cyclohexylmethanesul-
fonate (2a)
[0109]
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[0110] wherein Boc and Ms are as defined above.
Methanesulfonyl chloride (159.07 g) was added to a solution of tert-butyl {(1R,2R,5S)-5-[(dimethylamino)carbonyl]-2-
hydroxycyclohexylcarbamate (6) (214.59 g) in 4-methyl-2-pentanone (MIBK) (1875 ml) with stirring at room temperature.
To the mixed solution, triethylamine (170.62 g) was added at room temperature, and the mixture was stirred at this
temperature for 1 hour. To the reaction solution, water was added, and then, the organic layer was separated. The
solvent was concentrated under reduced pressure. To the concentrated residue, MIBK (750 ml) was then added, and
the mixture was stirred at room temperature for 3 hours. The precipitated crystals were collected by filtration and dried
to obtain the title compound (2a) (242.57 g). 1H-NMR (CDCl3) δ: 1.45 (9H, s), 1.58-1.66 (1H, m), 1.67-1.76 (1H, m),
1.84-1.96 (2H, m), 2.04-2.15 (1H, m), 2.17-2.26 (1H, m), 2.75-2.81 (1H, m), 2.94 (3H, s), 3.04 (3H, s), 3.07 (3H, s),
4.00-4.08 (1H, m), 4.69-4.82 (2H, m). (Reference Example 2) Tert-butyl {(1R,2R,5S)-2-azido-5-[(dimethylamino)carbo-
nyl]cyclohexyl}carbamate (1)

(production method of WO 2007/032498)

[0111]

[0112] wherein Boc and Ms are as defined above.
Sodium azide (7.14 g) and dodecylpyridinium chloride (7.80 g) were added to a solution of (1R,2R,4S)-2-[(tert-butoxy-
carbonyl)amino]-4-[(dimethylamino)carbonyl]cyclohexylmethanesulfonate (2a) (20.0 g) in N,N-dimethylacetamide
(DMAC) (40 ml) at room temperature. The mixed solution was stirred at 60°C for 72 hours and then allowed to cool to
room temperature. To the reaction solution, water was added, followed by extraction with ethyl acetate. The extracts
were washed with a saturated aqueous solution of sodium bicarbonate and water, and then, the solvent was concentrated
under reduced pressure. To the concentrated residue, an n-hexane-ethyl acetate (5:1) mixed solvent (300 ml) was
added, and the mixture was stirred at room temperature for 1 hour. The precipitated crystals were collected by filtration.
The procedure of adding an n-hexane-ethyl acetate (5:1) mixed solvent (300 ml) to the obtained crystals, followed by
stirring and crystal collection by filtration was repeated twice to obtain the title compound (1) (4.6 g, 26.9%).
1H-NMR (CDCl3) δ: 1.46 (9H, s), 1.55-1.74 (3H, m), 1.75-1.82 (1H, m), 2.02-2.12 (2H, m), 2.74-2.83 (1H, m), 2.93 (3H,
s), 3.02 (3H, s), 3.72-3.78 (1H, m), 4.07-4.13 (1H, m), 4.61-4.66 (1H, m).
(Reference Example 3) Tert-butyl {(1R,2S,5S)-2-amino-5-[(dimethylamino)carbonyl]cyclohexyl}carbamate oxalate (4)
[0113]
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[0114] wherein Boc is as defined above.
Sodium azide (7.14 g) and dodecylpyridinium chloride (7.80 g) were added to a solution of (1R,2R,4S)-2-[(tert-butoxy-
carbonyl)amino]-4-[(dimethylamino)carbonyl]cyclohexylmethanesulfonate (2a) (20.0 g) in toluene (100 ml) at room tem-
perature. The mixed solution was stirred at 60°C for 72 hours and then allowed to cool to room temperature. To the
reaction solution, water was added, and the organic layer was separated. The organic layer was washed with a saturated
aqueous solution of sodium bicarbonate and water, and then, the solvent was distilled off. To the residue, methanol,
and then 7.5% Pd-C and ammonium formate were added, and the mixture was stirred at 40°C for 1 hour. Pd-C was
filtered off, and then, the solvent was concentrated under reduced pressure. To this residue, aqueous acetonitrile (200
ml) and anhydrous oxalic acid (4.94 g) were added, and the mixture was stirred at room temperature for 17 hours. The
precipitated crystals were collected by filtration. The obtained crystals were added to acetonitrile (200 ml), and the mixture
was stirred at 40°C for 24 hours. The precipitated crystals were collected by filtration and dried to obtain the title compound
(4) (12.7 g).
1H-NMR (D2O) δ: 1.30 (9H, s), 1.37-1.49 (2H, m), 1.63 (1H, t, J=2.7 Hz), 1.72-1.83 (3H, m), 2.77 (3H, s) 2.80 (1H, t,
J=12.4 Hz), 2.96 (3H, m), 3.32 (1H, d, J=12.2 Hz), 4.10 (1H, br).
Anal.: C16H29N3O7.
Theoretical: C; 50.70%, H; 7.75%, N; 10.96%.
Found: C; 51.19%, H; 7.79%, N; 11.19%.
(Reference Example 4) 2-[(5-chloropyridzn-2-yl)amino]-2-oxoacetate monohydrochloride (7)
[0115]

[0116] Ethyl oxalyl chloride (11.7 g) was added to a suspension of 2-amino-5-chloropyridine (10.0 g) in acetonitrile
(120 ml) at 50°C, and the mixture was stirred at this temperature for 2 hours. The reaction solution was cooled, and
crystals were collected by filtration at 10°C, washed with acetonitrile (40 ml), and then dried under reduced pressure to
obtain the title compound (7) (19.7 g).
[0117] (Reference Example 5) Tert-butyl (1R,2S,5S)-2-({2-[(5-chloro-2-pyridin-2-yl)amino]-2-oxoacetyl}amino)-
5-(dimethylaminocarbonyl)cyclohexylcarbamate (8)
[0118]
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[0119] wherein Boc is as defined above.
Triethylamine (169 ml) was added to a suspension of tert-butyl (1R,2S,5S)-2-amino-5-(dimethylaminocarbonyl)cyclohex-
ylcarbamate monooxalate (4) (100.1 g) in acetonitrile (550 ml) at 60°C. 2-[(5-chloropyridin-2-yl)amino]-2-oxoacetate
monohydrochloride (7) (84.2 g) was added thereto at this temperature, and the mixture was stirred for 6 hours and then
stirred at room temperature for 16 hours. To the reaction solution, water was added, and the mixture was stirred at 10°C
for 1.5 hours. Then, crystals were collected by filtration to obtain the title compound (8) (106.6 g).
1H-NMR (CDCl3) δ: 1.25-1.55 (2H, m), 1.45 (9H, s), 1.60-2.15 (5H, m), 2.56-2.74 (1H, br.s), 2.95 (3H, s), 3.06 (3H, s),
3.90-4.01 (1H, m), 4.18-4.27 (1H, m), 4.70-4.85 (0.7H, br), 5.70-6.00 (0.3H, br.s), 7.70 (1H, dd, J=8.8, 2.4 Hz), 7.75-8.00
(1H, br), 8.16 (1H, br.d, J=8.8 Hz), 8.30 (1H, d, J=2.4 Hz), 9.73 (1H, s).
(Reference Example 6) N1-(5-Chloropyridin-2-yl)-N2-((1S,2R,4S)-4-[(dimethylamino)carbonyl]-2-{[(5-methyl-4,5,6,7-tet-
rahydrothiazolo[5,4-c]pyridin-2-yl)carbonyl]amino}cyclohexyl)ethanediamide (A)
[0120]

[0121] Methanesulfonic acid (66 ml) was added to a suspension of tert-butyl [(1R,2S,5S)-2-({[(5-chloropyridin-2-yl)
amino](oxo)acetyl}amino)-5-(dimethylaminocarbonyl)cyclohexyl]carbamate (8) (95.1 g) in acetonitrile (1900 ml) at room
temperature, and the mixture was stirred at this temperature for 2 hours. To the reaction solution, triethylamine (155
ml), 5-methyl-4,5,6,7-tetrahydro[1,3]thiazolo[5,4-c]pyridine-2-carboxylic acid hydrochloride (10) (52.5 g), 1-hydroxyben-
zotriazole (33.0 g), and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (46.8 g) were added under ice
cooling, and the mixture was stirred at room temperature for 16 hours. Triethylamine and water were added thereto,
and the mixture was stirred for 1 hour under ice cooling. Then, crystals were collected by filtration to obtain the title
compound (A) (103.2 g). 1H-NMR (CDCl3) δ: 1.60-1.98 (3H, m), 2.00-2.16 (3H, m), 2.52 (3H, s), 2.78-2.90 (3H, m),
2.92-2.98 (2H, m), 2.95 (3H, s), 3.06 (3H, s), 3.69 (1H, d, J=15.4 Hz), 3.75 (1H, d, J=15.4 Hz), 4.07-4.15 (1H, m),
4.66-4.72 (1H, m), 7.40 (1H, dd, J=8.8, 0.6 Hz), 7.68 (1H, dd, J=8.8, 2.4 Hz), 8.03 (1H, d, J=7.8 Hz), 8.16 (1H, dd, J=8.8,
0.6 Hz), 8.30 (1H, dd, J=2.4, 0.6 Hz), 9.72 (1H, s).
MS (ESI) m/z: 548 (M+H)+.
(Reference Example 7) N1-(5-Chloropyridin-2-yl)-N2-((1S,2R,4S)-4-[(dimethylamino)carbonyl]-2-{[(5-methyl-4,5,6,7-tet-
rahydrothiazolo[5,4-c]pyridin-2-yl)carbonyl]amino}cyclohexyl)ethanediamide mono-p-toluenesulfonate monohydrate
(A-a)
[0122]



EP 2 407 450 A1

22

5

10

15

20

25

30

35

40

45

50

55

[0123] N1-(5-Chloropyridin-2-yl)-N2-((1S,2R,4S)-4-[(dimethylamino)carbonyl]-2-{[(5-methyl-4,5,6,7-tetrahydrothiazo-
lo[5,4-c]pyridin-2-yl)carbonyl]amino}cyclohexyl)ethanediamide (A) (6.2 g) was dissolved in methylene chloride (120 ml).
To the solution, a 1 mol/L solution of p-toluenesulfonic acid in ethanol (11.28 ml) was added, and the solvent was distilled
off. To the residue, 15% hydrous ethanol (95 ml) was added, and the mixture was dissolved by stirring at 60°C. Then,
the mixture was cooled to room temperature and stirred for 1 day. The precipitated crystals were collected by filtration,
washed with ethanol, and then dried under reduced pressure at room temperature for 2 hours to obtain the title compound
(A-a) (7.4 g).
1H-NMR (DMSO-d6) δ: 1.45-1.54 (1H, m), 1.66-1.78 (3H, m), 2.03-2.10 (2H, m), 2.28 (3H, s), 2.79 (3H, s), 2.91-3.02
(1H, m), 2.93 (3H, s), 2.99 (3H, s), 3.13-3.24 (2H, m), 3.46-3.82 (2H, m), 3.98-4.04 (1H, m), 4.43-4.80 (3H, m), 7.11
(2H, d, J=7.8 Hz), 7.46 (2H, d, J=8.2 Hz), 8.01 (2H, d, J=1.8 Hz), 8.46 (1H, t, J=1.8 Hz), 8.75 (1H, d, J=6.9 Hz), 9.10-9.28
(1H, br), 10.18 (1H, br), 10.29 (1H, s). MS (ESI) m/z: 548 (M+H)+.
Anal.: C24H30ClN7O4S·C7H8O3S·H2O
Theoretical: C; 50.43, H; 5.46, N; 13.28, Cl; 4.80, S; 8.69.
Found: C; 50.25, H; 5.36, N; 13.32, Cl; 4.93, S; 8.79. mp (dec.) : 245-248°C.
(Example 1) Tert-butyl {(1R,2R,5S)-2-azido-5-[(dimethylamino)carbonyl]cyclohexyl}carbamate (1)
[0124]

[0125] wherein Boc is as defined above.
Sodium azide (32.82 g) [2 molar equivalents with respect to compound (2a)] and dodecylpyridinium chloride (DPC)
(35.83 g) [0.5 molar equivalent with respect to compound (2a)] were added to water (92 ml) [1 part by volume (v/w) with
respect to compound (2a)]. Dissolution was confirmed, and then, the mixture was stirred for approximately 1 hour.
Toluene (460 ml) [5 parts by volume (v/w) with respect to compound (2a)] was placed in a flask, and an aqueous solution
of the azidification reagent complex prepared from sodium azide and dodecylpyridinium chloride (DPC) was gradually
added dropwise thereto under reflux under reduced pressure (internal temperature: approximately 40 to 60°C) with care
to avoid foaming. At the same time, water was separated and removed from the distillate using a Dean-Stark apparatus.
Several hours after completion of the dropwise addition, the toluene solution was confirmed to have a water content of
0.1% or less, and then, the reduced pressure was cancelled. (1R,2R,4S)-2-[(tert-butoxycarbonyl)amino]-4-[(dimethyl-
amino)carbonyl]cyclohexylmethanesulfonate (2a) (92 g) was added thereto, and the mixture was stirred at an internal
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temperature of 70°C for approximately 18 hours. A residue of 2% or less of compound (2a) was confirmed, and then,
the reaction mixture was cooled. A 5% aqueous NaHCO3 solution (460 ml) [5 parts by volume (v/w) with respect to
compound (2a)] was added thereto, and the mixture was separated into organic and aqueous layers by stirring at an
internal temperature of approximately 40°C, extraction, and still standing. To the separated aqueous layer, toluene (184
m) [2 parts by volume (v/w) with respect to compound (2a)] was added, followed by re-extraction at an internal temperature
of approximately 40°C (this was repeated to a total of three times). These toluene layers were mixed, and water (138
ml) [1.5 times (v/w) with respect to compound (2a)] was added thereto, followed by washing with water at an internal
temperature of approximately 40°C (this was repeated to a total of twice) to obtain a solution of the title compound in
toluene (yield: 71 to 75%).

(Test Example 1)

[0126] (Condition 1) to (Condition 7) shown below were studied as conditions for producing compound (1) from com-
pound (2a). Results of examining the loss of compound (1) during extraction after completion of the reaction under each
of (Condition 1) to (Condition 7) and the yield of compound (1) are shown in Table 1.
[0127]

[0128] wherein Boc and Ms are as defined above.
(Condition 1) (Comparative Example): The optimized condition of the conventional method (WO 2007/032498) free from
water adjustment. Sodium azide [1 molar equivalent with respect to compound (2a)] and dodecylpyridinium chloride [0.5
molar equivalent with respect to compound (2a)] were suspended in toluene (5 parts by volume with respect to compound
(2a)), and this suspension was stirred at 60°C for 24 hours. Then, compound (2a) was added thereto, and the mixture
was stirred at 60 to 63°C for 60 to 72 hours.
[0129] (Condition 2) (Example 2): Sodium azide (1 molar equivalent) and dodecylpyridinium chloride (0.5 molar equiv-
alent) were dissolved in water (1 v/w), and the solution was stirred at 60°C for 30 minutes. Then, toluene was added
thereto, and the water content of the mixed solution was adjusted to 0.03% by azeotropic dehydration procedures using
a Dean-Stark water trap. Additional toluene was added to adjust the amount of toluene in the mixed solution to (5 v/w).
Then, compound (2a) was added thereto, and the mixture was stirred at 60 to 63°C for 47 hours. The numeric value
within the parentheses represents the amount with respect to compound (2a).
[0130] (Condition 3) (Example 3): Sodium azide (1 molar equivalent) and dodecylpyridinium chloride (0.75 molar
equivalent) were dissolved in water (1 v/w), and the solution was stirred at 60°C for 1 hour. Then, toluene was added
thereto, and the water content of the mixed solution was adjusted to 0.12% by azeotropic dehydration procedures using
a Dean-Stark water trap. Additional toluene was added to adjust the amount of toluene in the mixed solution to (5 v/w).
Then, compound (2a) was added thereto, and the mixture was stirred at 60 to 63°C for 22.5 hours. The numeric value
within the parentheses represents the amount with respect to compound (2a).
[0131] (Condition 4) (Comparative Example): Sodium azide (1 molar equivalent) and dodecylpyridinium chloride (0.5
molar equivalent) were suspended in toluene (5 v/w), and the suspension was stirred at 60°C for 1 hour. Then, the water
content of the mixed solution was adjusted to 0.023% by azeotropic dehydration procedures using a Dean-Stark water
trap. Additional toluene was added to adjust the amount of toluene in the mixed solution to (5 v/w). Then, compound
(2a) was added thereto, and the mixture was stirred at 60 to 63°C for 45 hours. The numeric value within the parentheses
represents the amount with respect to compound (2a).
[0132] (Condition 5) (Comparative Example): Sodium azide (1 molar equivalent) and dodecylpyridinium chloride (0.5
molar equivalent) were suspended in toluene (5 v/w), and the suspension was stirred at 60°C for 1 hour. Then, the water
content of the mixed solution was adjusted to 0.052% by azeotropic dehydration procedures using a Dean-Stark water
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trap. Additional toluene was added to adjust the amount of toluene in the mixed solution to (5 v/w). Then, compound
(2a) (150 g, scale-up experiment) was added thereto, and the mixture was stirred at 60 to 63°C for 63 hours. The numeric
value within the parentheses represents the amount with respect to compound (2a).
[0133] (Condition 6) (Example 4): Sodium azide (1 molar equivalent) and dodecylpyridinium chloride (0.75 molar
equivalent) were dissolved in water (2 v/w), and the solution was stirred at 60°C for 3 hours. Then, toluene was added
thereto, and the water content of the mixed solution was adjusted to 0.062% by azeotropic dehydration procedures using
a Dean-Stark water trap. Additional toluene was added to adjust the amount of toluene in the mixed solution to (5 v/w).
Then, compound (2a) (100-g, scale-up experiment) was added thereto, and the mixture was stirred at 60 to 63°C for 35
hours. The numeric value within the parentheses represents the amount with respect to compound (2a).
[0134] (Condition 7) (Comparative Example): Dodecylpyridinium chloride (0.5 molar equivalent) was suspended in
toluene (5 v/w). Then, the water content of the mixed solution was adjusted to 0.033% by azeotropic dehydration
procedures using a Dean-Stark water trap. Additional toluene was added to adjust the amount of toluene in the mixed
solution to (5 v/w). Sodium azide (1 molar equivalent) was added thereto, and the mixture was stirred at 60°C for 1 hour.
Compound (2a) was added thereto, and the mixture was stirred at 60 to 63°C for 60 hours. The numeric value within
the parentheses represents molar equivalents, parts by weight, or parts by volume amount with respect to compound (2a).
[0135]

<Test results>

[0136] Improved yields and a reduced reaction time were observed by distilling off water in dodecylpyridinium chloride
(Condition 1 vs. Condition 2). Moreover, the increased amount of dodecylpyridinium chloride used did not contribute to
an improvement in yield, due to a larger loss into the aqueous layer during separation into organic and aqueous layers,
although a reduction in reaction time was observed (comparison between Conditions 3 and 5). The importance of the
procedure of stirring dodecylpyridinium chloride and sodium azide in water was studied (comparison among Conditions
4, 5, and 6). In the small-scale experiment, the yield equivalent to that obtained using water as a solvent was obtained
even using a suspension in toluene (Condition 4). By contrast, the yield was reduced due to scale-up (Condition 5). This
demonstrated the importance of the procedure of stirring dodecylpyridinium chloride and sodium azide in an aqueous
solution (Condition 6). Thus, reaction in water is suitable for large-scale production. Dehydration under Condition 7 using
only dodecylpyridinium chloride increased impurities and reduced yields.

Industrial Applicability

[0137] The production method of the present invention can be used as a novel method for industrially producing
compound (A) useful as an FXa inhibitor or a pharmacologically acceptable salt thereof, or a hydrate thereof.

Claims

1. A method for producing a compound (1) represented by the following formula:

[Table 1]

Condition Loss during extraction Yield of compound (1)

1 (Comparative Example) 2 ∼ 4% 27 ∼ 65%

2 (Example 2) 1.6% 76.7%

3 (Example 3) 4.7% 72.6%

4 (Comparative Example) 3.12% 74.1%

5 (Comparative Example) - 64.2%

6 (Example 4) 2.34% 73.5%

7 (Comparative Example) 2.88% 46.9%
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wherein Boc represents a tert-butoxycarbonyl group,
the method comprising:

[Step 1]: adding a quaternary ammonium salt and a metal azide salt to water to prepare an aqueous solution
of an azidification reagent complex comprising quaternary ammonium salt-metal azide salt, and
subsequently dehydrating the aqueous solution using an aromatic hydrocarbon solvent
to form a mixed solution of the azidification reagent complex comprising quaternary ammonium salt-metal azide
salt and the aromatic hydrocarbon solvent with a water content of 0.2% or less; and
[Step 2]: adding, to the mixed solution prepared in [Step 1], a compound (2) represented by the following formula:

wherein Boc is as defined above; and L represents a leaving group, wherein the leaving group represents a (C1 to
C2 alkyl)sulfonyloxy group (wherein the C1 to C2 alkyl group may have one or more identical or different halogeno
groups as substituents) or a benzenesulfonyloxy group (wherein the benzene ring may have one or more identical
or different groups as substituents selected from a halogeno group, a methyl group, and a nitro group).

2. The production method according to claim 1, wherein L is a methanesulfonyloxy group or an ethanesulfonyloxy group.

3. The production method according to claim 1, wherein L is a methanesulfonyloxy group.

4. The production method according to any one of claims 1 to 3, wherein the quaternary ammonium salt is a pyridinium
salt.

5. The production method according to any one of claims 1 to 3, wherein the quaternary ammonium salt is a 1-(C1 to
C20 alkyl)pyridinium salt.

6. The production method according to any one of claims 1 to 3, wherein the quaternary ammonium salt is a 1-
dodecylpyridinium salt.

7. The production method according to any one of claims 1 to 3, wherein the quaternary ammonium salt is 1-dodecylpy-
ridinium chloride.

8. The production method according to any one of claims 1 to 7, wherein the amount of the quaternary ammonium
salt used is stoichiometrically in the range of 0.45 to 0.55 molar equivalent with respect to compound (2).
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9. The production method according to any one of claims 1 to 8, wherein the metal azide salt is sodium azide or lithium
azide.

10. The production method according to any one of claims 1 to 9, wherein the amount of the metal azide salt used is
stoichiometrically in the range of 1.8 to 2.2 molar equivalents with respect to compound (2).

11. The production method according to any one of claims 1 to 10, wherein the aromatic hydrocarbon solvent is one
selected from benzene, toluene, xylene, chlorobenzene, and dichlorobenzene or a mixed solvent of two or more
thereof.

12. The production method according to any one of claims 1 to 10, wherein the aromatic hydrocarbon solvent is toluene.

13. The production method according to claim 1, wherein the preparation of the aqueous solution of the azidification
reagent complex is performed by adding a quaternary ammonium salt and a metal azide salt to water and then
stirring the mixture at an internal temperature of 20 to 40°C.

14. The production method according to claim 13, wherein the stirring is performed for 0.5 hour or longer.

15. The production method according to claim 1, wherein the dehydration is azeotropic dehydration using the aromatic
hydrocarbon solvent.

16. The production method according to claim 15, wherein the azeotropic dehydration is performed by adding dropwise
the aqueous solution of the azidification reagent complex to the aromatic hydrocarbon solvent under heating.

17. The production method according to claim 1, wherein [Step 1] comprises
adding the quaternary ammonium salt and the metal azide salt to water and stirring the mixture at an internal
temperature of 20 to 40°C for 0.5 hour or longer to prepare the aqueous solution of the azidification reagent complex
comprising quaternary ammonium salt-metal azide salt, and
subsequently performing azeotropic dehydration by adding dropwise the aqueous solution to the aromatic hydro-
carbon solvent under heating
to prepare a mixed solution of the azidification reagent complex and the aromatic hydrocarbon solvent with a water
content of 0.2% or less.

18. A method for producing a compound (4) represented by the following formula:

the method comprising the steps of:
reducing compound (1) produced by the production method according to claim 1:
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wherein Boc is as defined above,
to obtain a compound (3) represented by the following formula or a salt thereof, or a solvate thereof:

wherein Boc is as defined above; and
treating compound (3) with oxalic acid to obtain compound (4).

19. The method for producing a compound (1) represented by the following formula according to claim 1:

wherein Boc represents a tert-butoxycarbonyl group,
wherein compound (1) is used as a synthetic intermediate for production of a compound (A-a) represented by the
following formula:
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20. A method for producing a compound (A-a) represented by the following formula:

comprising using compound (1) produced using the production method according to claim 1.

21. A method for producing a compound (A-a) represented by the following formula:

comprising using compound (1) produced using the production method according to claim 1: the method comprising
the steps of:
reducing compound (1) represented by the following formula:
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wherein Boc represents a tert-butoxycarbonyl group, to obtain a compound (3) represented by the following formula
or a salt thereof, or a solvate thereof:

wherein Boc is as defined above;
treating compound (3) or the salt thereof, or the solvate thereof with oxalic acid to obtain a compound (4) represented
by the following formula:

wherein Boc is as defined above;
treating the compound (4) with a compound (7) represented by the following formula:

in the presence of a base to obtain a compound (8) represented by the following formula:
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wherein Boc is as defined above;
deprotecting a Boc group in compound (8) to obtain a compound (9) represented by the following formula or a salt
thereof:

condensing compound (9) or the salt thereof with a compound (10) represented by the following formula:

to obtain a compound (A) represented by the following formula:

and
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treating compound (A) with p-toluenesulfonic acid or a hydrate thereof to obtain compound (A-a).
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